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OIL LUBRICATED ROLLING BEARING DEVICE 

[0001] This application is the US national phase of 

international application PCT/ JP2004/016539, filed 8 
November 2004, which designated the U.S. and claims 
priority of JP 2003-378354, filed 7 November 2003, and JP 
2004-292295, filed 5 October 2004. The entire contents of 
each application are hereby incorporated by reference. 

BACKGROUND OF THE TECHNOLOGY 

[0002] The present technology relates to oil lubricated 

rolling bearing devices and relates, in particular, to an 
oil lubricated rolling bearing device suitable for use in a 
pinion axle bearing device, such as differential gears, 
trans-axles and so on of automobiles, and transmissions and 
so on of automobiles. 

[0003] Conventionally, there has been a tapered roller 

bearing shown in Fig. 9 as an oil lubricated rolling 
bearing device. The tapered roller bearing is used in 
automobiles and machine tools. 

[0004] As shown in Fig. 9, the tapered roller bearing is 

constructed of an inner ring 11, an outer ring 12, tapered 
rollers 13 that are rollably placed in an annular space 14 
located between the inner ring 11 and the outer ring 12, 
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and a retainer 15 that retains the tapered rollers 13 at 
prescribed intervals in the circumferential direction. 
[0005] The tapered roller bearing supports a radial load 

and a thrust load, i.e., loads from the radial direction 
and the thrust direction. The tapered roller bearing has a 
problem that its rotating torque is large, though it can 
support the loads from the radial direction and the thrust 
direction. For the above reasons, it is often the case 
where a ball bearing is used in an application that 
requires a low torque. 

[0006] However, the ball bearing, which has a small load 

capacity in comparison with the tapered roller bearing, is 
required to have an increased bearing size in order to 
obtain the same load capacity, and the weight is increased. 
Therefore, it is preferable to use the tapered roller 
bearing as far as possible in a portion that receives a 
large load. 

[0007] As a factor of the rotating torque of the tapered 

roller bearing, sliding friction resistance of a flange 
portion 11a formed at an end portion on the minor diameter 
side of the tapered raceway surface of the inner ring 11 
and a flange portion lib formed at an end portion on the 
major diameter side of the tapered raceway surface to end 
surfaces 13a and 13b of the tapered rollers 13 can be 
enumerated . 
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[0008] Moreover, as another factor of the rotating 

torque, there is oil agitating resistance attributed to the 
use of the tapered roller bearing in the differential unit 
of an automobile, a machine tool or the like, i.e., the use 
of the bearing on the condition that lubrication is 
achieved by making a large amount of oil inflow. 
[0009] As a tapered roller bearing that can reduce the 

oil agitating resistance, there is a tapered roller bearing 
described in JP 2004-084799 A. 

[0010] In the tapered roller bearing, the radial 

thickness of strut portions of the retainer is increased 
roughly entirely in the circumferential direction. By thus 
narrowing the passage of lubricating oil between the inner 
surface of the retainer and the outer surface of the inner 
ring, the amount of lubricating oil that flows into the 
bearing is reduced. 

[0011] However, since the retainer that has the strut 

portions of the increased thickness is to rotate at high 
speed between the inner ring and the outer ring in the 
tapered roller bearing, there is a problem that the 
reduction in oil agitating resistance is insufficient 
depending on use conditions. 

[0012] As described above, the tapered roller bearing 

has the defect that the rotating torque is high though it 
has the advantage of high capacity. In particular, when 
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lubrication is provided by a large amount of oil, there is 
a problem that the reduction in rotating torque is 
insufficient due to agitation resistance. If the rotating 
torque can largely be reduced, the efficiencies of machine 
and devices can remarkably be improved. Moreover, an 
energy reduction can be achieved, which is also useful for 
an improvement in the environmental load. 

[0013] In view of the situations, there is a growing 

demand for reducing the rotating torque attributed to the 
agitation resistance of lubricating oil. 

SUMMARY OF THE TECHNOLOGY 

[0014] An object of the present technology is to 

provide an oil lubricated rolling bearing device capable of 
reducing rotating torque by reducing agitation resistance 
with the load capacity secured. 

[0015] In order to solve the problems, there is provided 

an oil lubricated rolling bearing device comprising: 

an inner ring; 

an outer ring; 

a plurality of rolling elements placed between 
the inner ring and the outer ring; and 

an oil inflow suppression member that suppresses 
oil inflow between the inner ring and the outer ring. 
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[0016] According to the present technology, the amount 

of oil that enters the inside of the bearing device can be 
suppressed by the oil flow suppression member. Therefore, 
the oil does not excessively enter the inside of the oil 
lubricated rolling bearing device, and the oil agitating 
resistance can be reduced. Therefore, the rotating torque 
of the oil lubricated rolling bearing device itself can be 
reduced. Therefore, the fuel consumption of the automobile 
or the like that has the oil lubricated rolling bearing 
device of the present technology can be reduced. 
[0017] In one embodiment, the rolling elements are 

tapered rollers, 

the inner ring is a rotating ring that has a 
tapered raceway surface, and the outer ring is a fixed ring 
that has a tapered raceway surface, 

the inner ring has a flange portion brought in 
contact with minor diameter end surfaces of the tapered 
rollers , 

the oil inflow suppression member is a shield 
plate having a protrusion that protrudes radially outwardly 
of the flange portion, 

the device further comprises a retainer that 
retains the tapered rollers, and 
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the protrusion is placed in a place having an 
interval from the retainer in an axial direction of the 
inner ring. 

[0018] When a member is provided on an inner ring side 

being a rotating ring, the member is to rotate with the 
rotating shaft. It is considered undesirable to provide 
such a member that rotates with the rotating shaft among 
those skilled in the art. Therefore, the idea of 

preventing oil from flowing into the bearing by providing a 
shield plate on the inner ring, i.e., the rotating ring has 
not existed among those skilled in the art. However, the 
present inventor discovered that the rotating torque could 
be remarkably reduced in comparison with the conventional 
tapered roller when the shield plate is provided on the 
inner ring side of the rotating ring through experiments. 
[0019] According to the embodiment, the rotating torque 

can remarkably be reduced in comparison with the 
conventional tapered roller. This is presumably ascribed 
to the fact that, because of the structure in which the 
shield plate is placed on the inner ring, i.e., the 
rotating ring, and the shield plate rotates, the oil is 
splashed radially outwardly by the centrifugal force of the 
oil that adheres to the shield plate, making it difficult 
for the oil to enter the inside of the bearing device. 
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[0020] In one embodiment, the protrusion has an outside 

diameter that is not greater than an inside diameter of an 
end portion on a minor diameter side of the tapered raceway 
surface of the outer ring. 

[0021] According to the embodiment, the inflow of oil 

necessary for the lubrication of the bearing device can be 
secured, and therefore, the seizure of the bearing device 
can be prevented. 

[0022] In one embodiment, a gap in the axial direction 

between the protrusion and the retainer is not greater than 
3 mm. 

[0023] According to the embodiment, the oil that enters 

the inside of the bearing device can further be reduced, 
and the rotating torque can further be reduced. 
[0024] In one embodiment, the inner ring and the shield 

plate are integrally formed. 

[0025] According to the embodiment, the number of 

processing steps and the number of assembling steps can be 
reduced . 

[0026] In one embodiment, the rolling elements are 

tapered rollers, 

the inner ring is a rotating ring that has a 
tapered raceway surface, and the outer ring is a fixed ring 
that has a tapered raceway surface, 
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the oil inflow suppression member is a shield 
plate having a protrusion that protrudes radially inwardly 
of an end portion on a minor diameter side of the tapered 
raceway surface of the outer ring, 

the device further comprises a retainer that 
retains the tapered rollers, 

the protrusion is placed in a place having an 
interval from the retainer in an axial direction of the 
outer ring, and 

a gap in the axial direction between the 
protrusion and the retainer is not greater than 3 mm. 
[0027] According to the embodiment, the oil that enters 

the inside of the bearing device can be reduced, and the 
rotating torque can be reduced. 

[0028] In one embodiment, the outer ring and the shield 

plate are integrally formed. 

[002 9] According to the embodiment, the number of 

processing steps and the number of assembling steps can be 
reduced . 

[0030] One embodiment comprises an oil outflow promotion 

structure for promoting outflow of oil that enters between 
the inner ring and the outer ring. 

[0031] According to the embodiment, by virtue of the 

provision of the oil outflow promotion structure, the oil 
that has entered the inside of the bearing device can be 
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made to promptly outflow outwardly of the bearing device. 
Therefore, the oil does not stay inside the oil lubricated 
rolling bearing device, and the oil smoothly outflows. 
Therefore, the oil agitating resistance can be reduced, and 
the torque of the oil lubricated rolling bearing device 
itself can be reduced. Therefore, the fuel consumption of 
the automobile or the like provided with the oil lubricated 
rolling bearing device of the present technology can be 
reduced . 

[0032] In one embodiment, the rolling elements are 

tapered rollers, and 

assuming that a number of the tapered rollers is 
z, a mean diameter of the tapered rollers is DW and a pitch 
circle diameter of the tapered rollers is dm, 

the device comprises an arrangement structure in 
which the z tapered rollers that satisfies the following 
expression : 

z < 0.85/ ( DW (71-dm) ) 

are arranged between the inner ring and the outer ring with 
a major diameter side of the tapered rollers facing toward 
an oil outflow side. 

[0033] According to the embodiment, by suppressing the 

number z of the tapered rollers to 0.85/ (DW/ (7C-dm) ) or less 
and enlarging the space between the tapered rollers that 
adjoin in the circumferential direction, the oil passage is 
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enlarged, and therefore, the outflow of oil can be 
promoted. Therefore, the amount of oil inside the oil 
lubricated type roller bearing can be reduced, and the oil 
agitating resistance can be reduced. 

[0034] In detail, according to the embodiment, the 

number z of the tapered rollers is set not greater than 
0 . 85/ (DW/ (7i-dm) ) , the passage through which the oil that 
penetrates the inside of the bearing can be expanded and 
the oil that enters the inside of the bearing can be made 
easy to flow outwardly in comparison with the normal 
tapered roller bearing in which the number z of the tapered 
rollers is set within a range of 0 . 90/ (DW/ (7i-dm) ) to 
0.95/ (DW/ (7i- dm) ) . Accordingly, the amount of oil that 
contributes to the oil agitating resistance is reduced, and 
therefore, the torque attributed to the agitation 
resistance can be reduced by 10% or more. 

[0035] In one embodiment, the rolling elements are 

tapered rollers, and 

the oil outflow promotion structure comprises the 
tapered raceway surface of the outer ring set in contact 
with the tapered rollers at a contact angle of not smaller 
than 25°. 

[0036] In the present specification, the contact angle 

is defined as the complementary angle of the angle made 
between the normal line of the taper surface and the axial 
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center line of the oil lubricated rolling bearing device 
(90° - the angle) . 

[0037] According to the embodiment, the degree of 

widening of the tapered raceway surface of the outer ring 
in the direction in which the oil outflows is increased by 
setting the contact angle of not smaller than 25°. 
Therefore, the speed of the oil that has reached the 
tapered raceway surface of the outer ring due to the 
centrifugal force during the operation of the bearing 
device and moves along the tapered raceway surface can be 
increased. Therefore, the oil can be made to efficiently 
outflow, and the degree of the reduction in the torque of 
the oil lubricated rolling bearing device itself can be 
increased . 

[0038] In detail, according to the embodiment, since the 

contact angle is set not smaller than 25°, the discharging 
capability of oil in the bearing flowing toward the outer 
ring side due to the centrifugal force can be improved, and 
the torque attributed to the agitation resistance can be 
reduced by 20% or more in comparison with the normal 
bearing in which the contact angle is set to about 20°. 
[0039] In one embodiment, the oil inflow suppression 

member comprises a member that partially blocks an opening 
located between the inner ring and the outer ring on an oil 
inflow side, and the oil outflow promotion structure 
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comprises a member that extends along an oil outflow 
direction on an oil outflow side. 

[0040] In the present specification, the oil outflow 

side is defined as the downstream side of the oil flow with 
respect to a plane, which extends through the center of the 
rolling element (on the central axis of the tapered roller 
and at a midpoint between the roller large end face and the 
roller small end face in the case where the rolling element 
is the tapered roller) and is perpendicular to the central 
axis of the outer ring. Moreover, the oil inflow side is 
defined as the upstream side of the oil flow with respect 
to the plane. 

[0041] According to the embodiment, the oil inflow 

suppression member includes the member that extends so as 
to block the opening on the oil inflow side, and therefore, 
oil other than the necessary minimum oil can reliably be 
suppressed from entering the inside of the oil lubricated 
rolling bearing device from the opening. Moreover, the oil 
outflow promotion structure includes the member that 
extends along the oil outflow direction on the oil outflow 
side, and therefore, the oil flow can be rectified by the 
oil outflow promotion structure, and the oil can be made to 
efficiently outflow . 

[0042] In one embodiment, at least one of an end surface 

on the major diameter side of the tapered rollers and an 
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end surface of a flange portion that is provided on a major 
diameter side of a tapered raceway surface of the inner 
ring and brought in contact with the end surface on the 
major diameter side of the tapered rollers is coated with a 
hard coating. 

[0043] According to the embodiment, at least one of the 

end surface on the major diameter side of the tapered 
roller and the end surface of the flange portion is coated 
with the hard coating, and therefore, the torque can 
further be reduced by reducing a friction between the end 
surface on the major diameter side of the tapered roller 
and the end surface of the flange portion. In addition, 
even if the supplied oil becomes very small, a seizure at 
the contact portion between the end surface on the major 
diameter side of the tapered roller and the end surface of 
the flange portion (contact portions of them) can reliably 
be prevented. 

[0044] In one embodiment, the rolling elements are 

balls, and 

the oil outflow promotion structure includes a 
portion of a shape that widens toward an oil outflow side 
in cross section on an inner peripheral surface of the 
outer ring. 

[0045] According to the embodiment, the speed of the oil 

that has reached the inner surface of the outer ring due to 
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the centrifugal force during the operation of the oil 
lubricated rolling bearing device and moves along the inner 
peripheral surface of the outer ring can be increased. 
Therefore, the oil can be made to efficiently outflow, and 
the degree of the reduction in the torque of the oil 
lubricated rolling bearing device can be increased. 
[0046] In one embodiment, at least one of the raceway 

surfaces of the inner ring and the outer ring and the balls 
is coated with a hard coating. 

[0047] According to the embodiment, the torque can be 

reduced by reducing a friction force between the raceway 
surfaces of the inner ring and the outer ring and the 
balls. Moreover, even if the supplied oil becomes very 
small, a seizure between the balls and the two raceway 
surfaces (contact portions of them) can reliably be 
prevented . 

[0048] According to the present technology, the amount 

of oil that enters the inside of the bearing device can be 
suppressed by the oil inflow suppression member. 
Therefore, the oil does not excessively enter the inside of 
the oil lubricated rolling bearing device, and the oil 
agitating resistance can be reduced. Therefore, the torque 
of the oil lubricated rolling bearing device itself can be 
reduced. Therefore, the fuel consumption of the automobile 
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or the like provided with the oil lubricated rolling 
bearing device of the present technology can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] Fig. 1 is an axial sectional view of a tapered 

roller bearing device according to a first embodiment of 
the oil lubricated rolling bearing device; 

[0050] Fig. 2 is an axial sectional view of a tapered 

roller bearing device according to a second embodiment of 
the oil lubricated rolling bearing device; 

[0051] Fig. 3 is an axial sectional view of a tapered 

roller bearing device according to a third embodiment of 
the oil lubricated rolling bearing device; 

[0052] Fig. 4 is an axial sectional view of a tapered 

roller bearing device according to a fourth embodiment of 
the oil lubricated rolling bearing device; 

[0053] Figs. 5A, 5B and 5C are views showing three 

tapered roller bearing devices used for tests to 
investigate the operative effects of the tapered roller 
bearing device of the first embodiment; 

[0054] Figs. 6A, 6B and 6C are views showing three 

tapered roller bearing devices used for tests to 
investigate the operative effects of the tapered roller 
bearing device of the third embodiment; 
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[0055] Fig. 7 is a graph showing the results of the 

torque test of the three tapered roller bearing devices 
shown in Figs. 5A through 5C; 

[0056] Fig. 8 is a graph showing the results of the 

torque test of the three tapered roller bearing devices 
shown in Figs. 6A through 6C; 

[0057] Fig. 9 is a view showing a conventional oil 

lubricated type rolling bearing; 

[0058] Fig. 10 is an axial sectional view of a tapered 

roller bearing device according to a fifth embodiment of 
the oil lubricated rolling bearing device; 

[0059] Fig. 11 is a view showing the structure of a 

differential ; 

[0060] Figs. 12A, 12B, 12C and 12D are views showing the 

tapered roller bearing devices used to investigate the 
torque reducing effect and the oil flow rate reducing 
effect; 

[0061] Figs. 13A and 13B are graphs showing the 

relations between the torque and the rotational frequency 
of the four tapered roller bearing devices and the tapered 
roller bearing; 

[0062] Figs. 14A and 14B are graphs showing the 

relations between the oil flow rate and the rotational 
frequency of the four tapered roller bearing devices and 
the tapered roller bearing; 
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[0063] Fig. 15 is an axial sectional view of a ball 

bearing device according to a seventh embodiment of the oil 
lubricated rolling bearing device; 

[0064] Fig. 16 is a graph showing the relations between 

the rotational speed and the frictional torque in the ball 
bearing device of the seventh embodiment and a conventional 
ball bearing when a gear oil is set to 50 degrees; and 
[0065] Fig. 17 is a view showing a testing machine used 

for tests to investigate the operative effects of the 
tapered roller bearing devices. 

REFERENCE NUMERALS 
[0049] 

1, 101, 120, 151: inner ring 

2, 102, 121, 152: outer ring 

2a: large end portion of outer ring 

3, 103, 123: tapered roller 
4 : annular space 

5, 104, 157: retainer 

6: shield plate 

7 : shield plate 

8 : casing 

9, 10: protrusion 

107: portion located on the minor diameter side of tapered 
rollers in retainer 
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108: portion located on the major diameter side of tapered 
rollers in retainer 

109: end surface of flange portion located on the major 
diameter side of inner ring 

110: end surface on the major diameter side of tapered 
rollers 

115: tapered raceway surface 

116: opening located on the oil inflow side 
122, 155: shield plate 
153: ball 

158: portion located on the oil outflow side of retainer 
159: conical surface 
0: contact angle 

DETAILED DESCRIPTION OF THE TECHNOLOGY 

[0066] Embodiments of the present technology will be 

described below. 
[0067] (FIRST EMBODIMENT) 

[0068] Fig. 1 is an axial sectional view of a tapered 

roller bearing device that is an oil lubricated rolling 
bearing device of a first embodiment. 

[0069] The tapered roller bearing device is used for a 

pinion axle support of a pinion axle bearing device such as 
a differential gear and a trans-axle device of an 
automobile, for example. 
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[0070] The tapered roller bearing device is comprised of 

an inner ring 1, an outer ring 2, tapered rollers 3 
arranged at regular intervals in the circumferential 
direction in an annular space 4 located between the inner 
ring 1 and the outer ring 2, a retainer 5 that retains the 
tapered rollers 3 and a shield plate 6 as one example of an 
oil inflow suppression member (attachment) . 

[0071] The inner ring 1 is a rotating ring that has a 

tapered raceway surface, and the outer ring 2 is a fixed 
ring that has a tapered raceway surface. The inner ring 1 
has a flange portion la brought in contact with minor 
diameter end surfaces of the tapered rollers 3 at a minor 
diameter end portion of the tapered raceway surface thereof 
and has a flange portion brought in contact with major 
diameter end surfaces of the tapered rollers 3 at a major 
diameter end portion of the tapered raceway surface 
thereof. The tapered roller bearing device is used on the 
condition that oil enters from an opening located on the 
flange portion la side of the inner ring 1. 

[0072] The shield plate 6 is placed for the purpose of 

limiting the inflow of oil. The shield plate 6 is fixed 
directly (or indirectly via a member) to a rotating shaft 
such that it is brought in contact with the end surface of 
the flange portion la on the minor diameter side of the 
tapered raceway surface of the inner ring 1. The shield 
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plate 6 can rotate with the rotating shaft. The shield 
plate 6 has a protrusion 9 that protrudes radially 
outwardly of the flange portion la of the inner ring 1. 
The protrusion 9 is not greater than an inside diameter of 
an end portion on the minor diameter side of the tapered 
raceway surface of the outer ring 2. It is noted that the 
shield plate 6 is placed so as to be brought in contact 
with the end surface of the flange portion la on the minor 
diameter side of the tapered raceway surface of the inner 
ring 1 in the tapered roller bearing device of the first 
embodiment. However, a gap may exist in the axial 
direction of the inner ring 1 between the shield plate 6 
and the end surface of the flange portion la on the minor 
diameter side of the tapered raceway surface of the inner 
ring 1, and the shield plate 6 may not be in contact with 
the end surface of the flange portion la on the minor 
diameter side of the tapered raceway surface of the inner 
ring 1. Moreover, a member may be arranged between the 
shield plate 6 and the end surface of the flange portion la 
on the minor diameter side of the tapered raceway surface 
of the inner ring 1 . 

[0073] In other words, the outside diameter D of the 

protrusion 9 has a dimension that is not smaller than the 
outside diameter A of the flange portion la on the small 
end side of the inner ring 1. Moreover, the protrusion 9 
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is placed in a place having an interval (gap) d from the 
retainer 5 outwardly in the axial direction of the inner 
ring 1 . 

[0074] When the dimension is designed different from 

that of the first embodiment, i.e., when the outside 
diameter D of the shield plate 6 is designed to be smaller 
than the outside diameter A of the flange portion la on the 
small end side of the inner ring 1 so that "D < A", the 
inflow of the lubricating oil cannot be suppressed, and the 
effect of reducing the rotating torque becomes small. 
[0075] Moreover, when the gap d is "d > 3 mm" regardless 

of the outside diameter dimension of the shield plate 6, 
the effect of suppressing the inflow of the lubricating oil 
is small, and the effect of reducing the rotating torque 
becomes small. 

[0076] According to the tapered roller bearing device of 

the first embodiment, the outside diameter D of the 
protrusion 9 of the shield plate 6 is made not smaller than 
the outside diameter A of the flange portion la on the 
small end side of the inner ring 1 and made not greater 
than the inside diameter C of the inner peripheral end 
portion of the large end portion 2a of the outer ring 2 

(not greater than the inside diameter C at the end portion 
on the minor diameter side of the tapered raceway surface 
of the outer ring 2), and the protrusion 9 is placed at a 
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prescribed interval from the end portion of the retainer 5 
outwardly in the axial direction of the inner ring 1. 
Therefore, the intrusion of the lubricating oil can be 
limited, and the agitation resistance can remarkably be 
reduced. When the protrusion is placed outwardly of the 
end portion of the retainer in the axial direction, the 
effect is particularly remarkable. 

[0077] When the dimension is designed different from 

that of the first embodiment, i.e., when the outside 
diameter D of the shield plate 6 is set smaller than the 
outside diameter A of the flange portion la on the small 
end side of the inner ring 1 so that "D < A", the effect of 
suppressing the inflow of the lubricating oil becomes 
small, and the effect of reducing the rotating torque also 
becomes small. Moreover, when the outside diameter D 
becomes greater than the inside diameter C of the inner 
peripheral end portion of the large end portion 2a of the 
outer ring 2 so that "D > C", the lubricating oil scarcely 
enters the inside of the tapered roller bearing device. 
Therefore, lubrication between the raceway rings (inner 
ring 1 and outer ring 2) and the tapered rollers 3 becomes 
insufficient, and the contact surface possibly suffers 
damages or seizes up. 

[0078] Moreover, when the gap d is "d > 3 mm" regardless 

of the dimension of the outside diameter D of the shield 
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plate 6, the effect of suppressing the inflow of the 
lubricating oil becomes small, and the effect of reducing 
the rotating torque also becomes small. 

[0079] Although the protrusion 9 is an axially outside 

portion of the shield plate 6 in the tapered roller bearing 
device of the first embodiment, it is acceptable that the 
protrusion is a portion other than the axially outside 
portion of the shield plate. Moreover, although the 
protrusion extends roughly straight radially outwardly in 
the tapered roller bearing of the first embodiment, the 
protrusion may extend aslant roughly radially outwardly. 
[0080] (SECOND EMBODIMENT) 

[0081] Fig. 2 is an axial sectional view of a tapered 

roller bearing device of a second embodiment of the oil 
lubricated rolling bearing device. 

[0082] Although the shield plate 6 separated from the 

inner ring 1 is arranged on the small end side (flange 
portion la side) of the inner ring 1 in the tapered roller 
bearing device of the first embodiment, a tapered roller 
bearing device of the second embodiment differs from the 
tapered roller bearing device of the first embodiment only 
in that the flange portion la located on the minor diameter 
side of the tapered raceway surface of the inner ring 1 and 
the shield plate 6 are integrally formed as shown in Fig. 
2. With regard to the tapered roller bearing device of the 
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second embodiment, no description is provided for the same 
as parts of the tapered roller bearing device of the first 
embodiment . 

[0083] In the tapered roller bearing device of the 

second embodiment, the protrusion 9 protrudes radially 
outwardly of the flange portion la of the inner ring 1 as 
in the first embodiment. Moreover, the protrusion 9 is 
placed so as to have a gap d apart from the end portion of 
the retainer 5 outwardly in the axial direction of the 
inner ring 1 . 

[0084] Because the inner ring 1 and the shield plate 6 

are integrally formed in the tapered roller bearing device 
of the second embodiment, the rotating torque due to the 
agitation resistance can be reduced, and the number of 
processing steps and the number of assembling steps can 
also be reduced. 
[0085] (THIRD EMBODIMENT) 

[0086] Fig. 3 is an axial sectional view of a tapered 

roller bearing device of a third embodiment of an oil 
lubricated rolling bearing device. 

[0087] The basic construction of the tapered roller 

bearing device of the third embodiment is similar to the 
basic construction of the tapered roller bearing device of 
the first embodiment. In the tapered roller bearing device 
of the third embodiment, a shield plate 7 as one example of 
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the oil inflow suppression member (attachment) is fixed to 
a casing 8 to which an outer ring 2 is fixed. 

[0088] In detail, the shield plate 7 is fixed to the 

casing 8 such that it abuts against the end surface on a 
minor diameter side of a tapered raceway surface of the 
outer ring 2. The shield plate 7 has a protrusion 10 that 
protrudes radially inwardly of the end portion on the minor 
diameter side of the tapered raceway surface of the outer 
ring 2. In other words, the inside diameter F of the 
protrusion 10 is set not greater than the inside diameter C 
of the inner peripheral end portion of the large end 
portion 2a of the outer ring 2. Moreover, the protrusion 
10 is placed in a place having an interval from the 
retainer 5 in the axial direction of the outer ring 1 . A 
gap d in the axial direction between the protrusion 10 and 
the retainer 5 is set not greater than 3 mm. In the 
tapered roller bearing device of the third embodiment, the 
shield plate 7 is fixed to the casing 8 in such a manner 
that it abuts against the end surface of an end portion on 
the minor diameter side of the tapered raceway surface of 
the outer ring 2. However, a gap may exist in the axial 
direction of the outer ring 2 between the shield plate 7 
and the end surface of the end portion on the minor 
diameter side of the tapered raceway surface of the outer 
ring 2, and the shield plate 7 may not abut against the end 
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surface of the end portion on the minor diameter side of 
the tapered raceway surface of the outer ring 2. Moreover, 
a member may be placed between the shield plate 7 and the 
end surface of the end portion on the minor diameter side 
of the tapered raceway surface of the outer ring 2 . 
[0089] When the dimension is different from that of the 

third embodiment, i.e., when the dimension is designed so 
that the inside diameter F of the shield plate 7 becomes 
greater than the inside diameter C of the inside diameter 
end portion of the increased width portion 2a of the outer 
ring 2 satisfying "F > C", the effect of suppressing the 
inflow of the lubricating oil becomes small, and the effect 
of reducing the rotating torque also becomes small. 
Moreover, when the gap d is "d > 3 mm" regardless of the 
inside diameter dimension of the shield plate 7, the effect 
of suppressing the inflow of the lubricating oil is 
insufficient, and the effect of reducing the rotating 

torque becomes small. It is preferred that A < F < B in 
order to make the rotating torque reduction and the 
lubricant securing compatible. 
[00 90] (FOURTH EMBODIMENT) 

[0091] Fig. 4 is an axial sectional view of a tapered 

roller bearing device of a fourth embodiment of an oil 
lubricated rolling bearing device. 
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[0092] In the tapered roller bearing device of the third 

embodiment, the shield plate 7 separated from the outer 
ring 2 has been fixed to the casing 8 to which the outer 
ring 2 is fixed. However, as shown in Fig. 4, it is 
acceptable to integrally form the large end portion 2a of 
the outer ring 2 with the shield plate 7 and place the 
protrusion 10 in a place having an interval d of not 
greater than 3 mm from the retainer 5 in the axial 
direction of the outer ring 1 . 

[0093] According to the tapered roller bearing device of 

the fourth embodiment, the rotating torque due to the 
agitation resistance can be reduced and the number of 
processing steps and the number of assembling steps can 
also be reduced as in the tapered roller bearing device of 
the second embodiment. 

[00 94] The arrangement produces a more remarkable torque 

reducing effect in a case where a great amount of oil of a 
comparatively high viscosity enters the inside of the 
bearing and the agitation resistance is increased as in the 
case where it is used for a pinion axle support of a pinion 
axle bearing device such as a differential gear unit and a 
trans-axle unit of an automobile. 

[0095] Figs. 5A through 5C are views showing three 

tapered roller bearing devices used for tests to 
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investigate the operative effects of the tapered roller 
bearing device of the first embodiment. 

[0096] In detail, the tapered roller bearing device 

shown in Fig. 5A is a conventional tapered roller bearing. 
The tapered roller bearing shown in Fig. 5B is a tapered 
roller bearing device of a newly developed product A. The 
tapered roller bearing shown in Fig. 5C is a tapered roller 
bearing device of a newly developed product B. 
[0097] The dimensional ratios of the objects to be 

tested are set as follows. 

[0098] That is, as shown in Fig. 5A, the outside 

diameter of the flange portion 11a of the inner ring 11 on 
the lubricating oil inflow side of the conventional tapered 
roller bearing, i.e., the flange portion 11a on the minor 
diameter side of the tapered raceway surface of the inner 
ring 11 was set to ())A, the inside diameter of the retainer 
15 was set to (j)B, and the inside diameter of the inner 
peripheral surface end portion of the large end portion 12a 
of the outer ring 12 was set to (|)C . 

[0099] Moreover, in the tapered roller bearing device of 

the newly developed product A, the outside diameter 
dimension (|)D of the protrusion 9 of the shield plate 6 was 
set so that (j)D = <j)B, and the interval d between the 
protrusion 6 and the retainer 5 in the axial direction of 
the inner ring 1 was set so that d = 0.1 mm. 
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[00100] Moreover, in the tapered roller bearing device of 
the newly developed product B, the outside diameter 
dimension (|)E of the protrusion 9 of the shield plate 6 was 
set so that ())E = $C, and the interval d between the 
protrusion 6 and the retainer 5 in the axial direction of 
the inner ring 1 was set so that d = 0.1 mm. 

[00101] Fig. 17 is a view showing a testing machine. The 
testing machine is a vertical type torque measuring device. 
As shown in Fig. 17, in the vertical type torque measuring 
device, the inner ring of the tapered roller bearing device 
to be tested (indicated as bearing to be tested in Fig. 17) 
is rotated. Moreover, the vertical type torque measuring 
device fixes the outer ring large end face facing upward. 
Moreover, the following conditions are adopted as test 
conditions . 

Axial load: 4 kN (kilonewton) 
Lubricant: gear oil 85W-90 
Rotational frequency: 2000 r/min 
Supplied lubricating oil temperature: 50°C 
Amount of supplied oil: Supplied so that the oil-level 
height becomes 40 mm above the upper surface of the 
bearing . 

[00102] Then, each of the three tapered roller bearing 
devices of which the structures have been described in 
detail above was operated on the conditions described 



1413085 



- 30 - 



above, and the torque was measured with each of the three 
tapered roller bearing devices. 

[00103] Fig. 7 is a graph showing the test results. 
[00104] As shown in Fig. 7, when the outside diameter D 
of the protrusion 9 of the shield plate 6 is set not 
smaller than the outside diameter A of the flange portion 
la on the minor diameter side of the tapered raceway 
surface of the inner ring 1 and set not greater than the 
inside diameter C of the inner peripheral end portion of 
the large end portion 2a on the minor diameter side of the 
tapered raceway surface of the outer ring 2, and the gap in 
the axial direction between the protrusion 9 and the 
retainer 5 is set not greater than 3 mm, the rotating 
torque can largely be reduced to 60% to 64% of the rotating 
torque of the conventional tapered roller bearing. In 
other words, the rotating torque can be reduced by 36% to 
40%. 

[00105] Figs. 6A through 6C are views showing three 
tapered roller bearing devices used for tests to 
investigate the operative effects of the tapered roller 
bearing device of the third embodiment. 

[00106] In detail, the tapered roller bearing device 
shown in Fig. 6A is a conventional tapered roller bearing. 
The tapered roller bearing device shown in Fig. 6B is a 
tapered roller bearing device of a newly developed product 
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C. The tapered roller bearing device shown in Fig. 6C is a 
tapered roller bearing device of a newly developed product 
D. 

[00107] The dimensional ratios of the objects to be 
tested are set as follows. 

[00108] That is, as shown in Fig. 6A, the outside 
diameter of the flange portion 11a of the inner ring 11 on 
the lubricating oil inflow side of the conventional tapered 
roller bearing, i.e., the flange portion 11a on the minor 
diameter side of the tapered raceway surface of the inner 
ring 11 was set to (|)A, the inside diameter of the retainer 
15 was set to ())B, and the inside diameter of the inner 
peripheral surface end portion of the large end portion 12a 
of the outer ring 12 was set to (|)C . 

[00109] Moreover, in the tapered roller bearing device of 
the newly developed product C, the inside diameter 
dimension (|)F of the protrusion 10 of the shield plate 7 was 
set so that §F = (§B + $C)/2, and the interval d between 
the protrusion 10 and the retainer 5 in the axial direction 
of the outer ring 2 was set so that d = 0.1 mm. 
[00110] Moreover, in the tapered roller bearing device of 
the newly developed product D, the inside diameter 
dimension (|)G of the protrusion 10 of the shield plate 7 was 
set so that <|)G = <|>A, and the interval d between the 
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protrusion 10 and the retainer 5 in the axial direction of 
the outer ring 2 was set so that d = 0.1 mm. 

[00111] Moreover, the vertical type torque measuring 

device shown in Fig. 17 was used as the testing machine. 

Then, the tests were conducted on the condition that the 

inner ring was rotated and the outer ring large end face 

was fixed facing upward. 

Axial load: 4 kN (kilonewton) 

Lubricant: gear oil 85W-90 

Rotational frequency: 2000 r/min 

Supplied lubricating oil temperature: 50°C 

Amount of supplied oil: Supplied so that the oil-level 

height becomes 40 mm above the upper surface of the 

bearing . 

[00112] Then, each of the three tapered roller bearing 
devices of which the structures have been described in 
detail above was operated on the conditions described 
above, and the torque was measured with each of the three 
tapered roller bearing devices. 

[00113] Fig. 8 is a graph showing the test results. 
[00114] As shown in Fig. 8, when the inside diameter F of 
the protrusion 10 of the shield plate 7 is set not greater 
than the inside diameter C of the inner peripheral surface 
end portion of the large end portion 2a of the outer ring 2 
and set not smaller than the outside diameter A of the 
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flange portion la on the minor diameter side of the tapered 
raceway surface of the inner ring 1, and the gap in the 
axial direction between the protrusion 10 and the retainer 
5 is set not greater than 3 mm, the rotating torque can 
largely be reduced to 79% to 82% of the rotating torque of 
the conventional tapered roller bearing. In other words, 
the rotating torque can be reduced by 18% to 21%. 
[00115] (FIFTH EMBODIMENT) 

[00116] Fig. 10 is an axial sectional view of a tapered 
roller bearing device of a fifth embodiment of an oil 
lubricated rolling bearing device. 

[00117] The tapered roller bearing device has an inner 
ring 101, an outer ring 102 and tapered rollers 103. 
[00118] A plurality of the tapered rollers 103 are 
arranged roughly at regular intervals in the 
circumferential direction in a state in which the tapered 
rollers 103 are held by a retainer 104 between a tapered 
raceway surface on the outer peripheral side of the inner 
ring 101 and a tapered raceway surface 115 on the inner 
peripheral side of the outer ring 102. The major diameter 
side of the tapered rollers 103 is directed toward the oil 
outflow side. 

[00119] In detail, assuming that the number of the 
tapered rollers 103 is z, the mean diameter (intermediate 
diameter between the major diameter side and the minor 



1413085 



- 34 - 



diameter side of the tapered roller) of the tapered rollers 
103 is DW and the pitch circle diameter of the tapered 
rollers is dm, then the number z of the tapered rollers 103 
is set to a number that satisfies the expression z < 
0.85/ ( DW (Ti-dm) ) . 

[00120] According to experiments, it has been confirmed 
that the torque sharply increases when the number of the 
tapered rollers is set to a number greater than 
0.85/ ( DW (7i-dm) ) and the torque decreases when the number of 
the tapered rollers is suppressed to 0.85/ ( DW (7i-dm) ) or 
less as described in the fifth embodiment. 

[00121] The arrangement structure, in which the z tapered 
rollers 103 wherein the z is limited to a number that 
satisfies 0 . 85/ (DW (7i-dm) ) are arranged between the inner 
ring 101 and the outer ring 102 making the major diameter 
side of the tapered rollers 103 face toward the oil outflow 
side and the oil passage is enlarged by reducing the space 
occupied by the tapered rollers 103 between the inner ring 
101 and the outer ring 102, serves as part of an oil 
outflow promotion structure. 

[00122] Moreover, a contact angle 0 between the tapered 
raceway surface 115 of the outer ring 102 and the tapered 
rollers 103, the contact angle being defined by the 
complementary angle of the angle made between the normal 
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line of a tapered raceway surface 115 of the outer ring 102 
and an axial center 111, is set to 25°. 

[00123] The degree of broadening toward the oil outflow 

side is large at the contact angle of 25° with respect to 
the tapered rollers 103, and the tapered raceway surface 
115 of the outer ring 102 of which a pumping function to 
discharge the oil to the outside is great serves as part of 
the oil outflow promotion structure. 

[00124] Moreover, a portion 107 located on the minor 
diameter side of the tapered rollers 103 in the retainer 
104 extends in the radial direction that is the direction 
in which an opening 116 located on the oil inflow side is 
blocked, from an immediate neighborhood of the tapered 
raceway surface 115 of the outer ring 102 to a neighborhood 
of an outer peripheral surface of an end portion of the 
inner ring 101. Moreover, a portion 108 located on the 
major diameter side of the tapered rollers 103 in the 
retainer 104 extends roughly in the axial direction of the 
tapered rollers 103, or the direction along the oil flow 
direction from an immediate neighborhood of an end surface 
110 on the major diameter side of the tapered rollers 103. 
[00125] Although not shown, an axial end surface 119 of 
the portion 107 located on the minor diameter side has a 
hollow disk-like shape roughly equivalent to the shape of 
the opening 116, and most of the oil that enters the 
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bearing enters the inside of the bearing by passing through 
only a slight gap between the portion 107 located on the 
minor diameter side and the tapered raceway surface 115 of 
the outer ring 102. 

[00126] The portion 107 located on the minor diameter 
side, i.e., the member that extends so as to block the 
opening 116 serves as an oil inflow suppression member. 
[00127] Moreover, the portion 108 located on the major 
diameter side of the tapered rollers 103 in the retainer 
104 is configured to a shape roughly parallel to the oil 
flow and is able to rectify the oil flow. The portion 108 
located on the major diameter side serves as part of the 
oil outflow promotion structure. 

[00128] Moreover, an end surface 109 located on the 
tapered roller 103 side of the flange portion located on 
the major diameter side of the tapered raceway surface of 
the inner ring 101 is coated with diamond-like carbon (DLC) 
as one example of hard coating. Also with this 

arrangement, the seizure can reliably be prevented even if 
the oil between the sliding surfaces of the end surface 109 
and the tapered rollers 103 decreases. 

[00129] In Fig. 10, arrows A, B, C, D and E indicate the 
oil flow directions. When the oil enters the inside of the 
bearing from the direction of arrow A during the high-speed 
operation of the bearing, the oil is thrown toward 
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neighborhoods of the tapered raceway surface 115 due to a 
centrifugal force, moves in the direction of arrow C 
roughly along the tapered raceway surface 115 and outflows 
from the opening on the oil outflow side of the bearing. 
Moreover, when the oil enters the inside of the bearing 
from the direction of arrow A during the low-speed 
operation of the bearing, the oil outflows to the outside 
via paths such as a path in which the oil moves in the 
direction of arrow B radially inwardly and thereafter 
outflows to the outside along the direction of arrow D 
roughly parallel to the axial direction of the tapered 
rollers 3 and a path in which the oil moves along the 
conical surface 15 to some extent, thereafter moves in the 
direction of arrow E radially inwardly and thereafter 
outflows to the outside other than the path in which the 
oil moves in the direction of arrow C and outflows to the 
outside as described above. 

[00130] According to the tapered roller bearing device of 
the fifth embodiment, the number z of the tapered rollers 
103 is suppressed to 0 . 85/ (DW/ (n-dm) ) or less, and an oil 
passage is enlarged by enlarging the space between the 
tapered rollers 103 that adjoin in the circumferential 
direction. Therefore, the oil outflow can be promoted. 
Therefore, the amount of oil in the bearing can be reduced, 
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and the oil agitating resistance that depends on the amount 
of oil can be made small. 

[00131] Moreover, according to the tapered roller bearing 
device of the fifth embodiment, the degree of widening in 
the oil outflow direction of the outer ring 102 is made 
large by setting the contact angle between the tapered 
raceway surface 115 of the outer ring 102 and the tapered 
rollers 103 to 25°. Therefore, the speed of the oil 
splashed to the tapered raceway surface 115 of the outer 
ring 102 due to a centrifugal force during the operation of 
the bearing in moving in the direction of arrow C along the 
tapered raceway surface 115 can be increased, and the oil 
can be made to efficiently outflow. Therefore, the oil 
agitating resistance can be made smaller, and the degree of 
the reduction in the torque of the bearing itself can be 
made larger. 

[00132] Moreover, according to the tapered roller bearing 
device of the fifth embodiment, the portion 108 located on 
the major diameter side of the tapered rollers 103 in the 
retainer 104 has a shape roughly parallel to the oil flow 
such that the oil flow is not obstructed, and therefore, 
the oil flow can be rectified in the portion 108 located on 
the major diameter side. Therefore, the oil can be made to 
efficiently outflow . 
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[00133] Moreover, according to the tapered roller bearing 
device of the fifth embodiment, the amount of oil that 
enters the inside of the bearing can be suppressed by the 
portion 107 that is located on the minor diameter side of 
the retainer 104 and serves as the oil inflow suppression 
member (attachment) , and therefore, the oil agitating 
resistance can further be reduced. 

[00134] As described above, according to the tapered 
roller bearing device of the fifth embodiment, the amount 
of oil that enters the inside of the bearing can be 
suppressed by the portion 107 that is located on the minor 
diameter side of the retainer 104 and serves as the oil 
inflow suppression member, and the oil that has entered the 
inside of the bearing can be made to promptly outflow to 
the outside of the bearing with the oil outflow promotion 
structure constructed of the three portions. Therefore, 
oil does not stay in the bearing, and the oil agitating 
resistance can be reduced. Therefore, the torque of the 
bearing itself can be reduced, and the operational cost of 
the machine that has the tapered roller bearing device can 
be reduced. 

[00135] Moreover, according to the tapered roller bearing 
device of the fifth embodiment, the end surface 109 of the 
flange portion located on the major diameter side of the 
inner ring 101 is coated with the diamond-like carbon that 
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can suppress the frictions and frictional wear. Therefore, 
the torque can further be reduced by reducing the frictions 
between the end surface 110 located on the major diameter 
side of the tapered rollers 103 and the end surface 109 of 
the flange portion located on the major diameter side of 
the inner ring 101. Moreover, in spite of the provision of 
the oil flow suppression member, the occurrence of seizure 
between the end surface 109 of the flange portion located 
on the major diameter side of the inner ring 101 and the 
end surface 110 located on the major diameter side of the 
tapered rollers 103 can reliably be prevented, thanks to 
the diamond-like carbon. 

[00136] In the tapered roller bearing device of the fifth 
embodiment, the portion 107, which was located on the minor 
diameter side and extended in the radial direction in which 
the opening 116 located on the oil inflow side was blocked 
from the immediate neighborhood of the tapered raceway 
surface 115 of the outer ring 102 to the outer peripheral 
surface of the end portion of the inner ring 102, served as 
the oil inflow suppression member, and the oil inflow was 
suppressed by the portion 107 located on the minor diameter 
side . 

[00137] However, in the oil lubricated rolling bearing 
device, it is acceptable to suppress the oil inflow by 
shielding the opening located between the inner ring and 
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the outer ring on the oil inflow side of the bearing except 
for only a slight gap by attaching the end portion located 
on the inside diameter side of the shield plate made of 
steel of a hollow disk-like shape or the like to, for 
example, the end surface of the end portion located on the 
minor diameter side of the tapered raceway surface of the 
inner ring. 

[00138] Otherwise, it is acceptable to suppress the oil 
inflow by attaching a shield plate that has a main body 
portion of a hollow disk-like shape and an attachment 
portion bent roughly at an angle of 90° from the main body 
portion and is made of steel to the outer peripheral 
surface of the end portion located on the minor diameter 
side of the tapered raceway surface of the inner ring. In 
detail, it is acceptable to suppress the oil inflow by 
shielding the opening located between the inner ring and 
the outer ring on the oil inflow side of the bearing except 
for only a slight gap by fixing the attachment portion of 
the shield plate to the outer peripheral surface of the end 
portion located on the minor diameter side of the tapered 
raceway surface of the inner ring. 

[00139] The shield plate may be attached to any portion, 
and the shape of the shield plate is not limited to the 
hollow disk-like shape but allowed to be any shape so long 
as the opening located on the oil inflow side can be 
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shielded except for a slight gap. Moreover, it is 
acceptable to constitute at least one of the oil inflow 
suppression member and the oil outflow promotion structure 
by part of members (i.e., inner ring, outer ring, rolling 
element and retainer) included in the roller bearing or 
constitute at least one of the oil inflow suppression 
member and the oil outflow promotion structure by a member 

(e.g., shield plate) other than the roller bearing. 

[00140] Although the tapered raceway surface 115 of the 
outer ring 102 has been formed in contact with the tapered 
rollers 103 at a contact angle of 25° in the tapered roller 
bearing device of the fifth embodiment, it has been 
confirmed that the torque can sharply be reduced when the 
tapered raceway surface of the outer ring is set so as to 
come in contact with the tapered rollers at a contact angle 
of not smaller than 25° through experiments. According to 
the fact, the tapered raceway surface of the outer ring may 
be formed so as to come in contact with the tapered rollers 
at a contact angle greater than 25°. 

[00141] Moreover, in the tapered roller bearing device of 
the fifth embodiment, the end surface 109 located on the 
tapered roller 103 side of the flange portion on the major 
diameter side of the tapered raceway surface of the inner 
ring 101 was coated with the diamond-like carbon (DLC) as 
one example of the hard coating. 
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[00142] However, instead of coating the end surface, 
located on the tapered roller side, of the flange portion 
on the major diameter side of the tapered raceway surface 
of the inner ring with the diamond-like carbon, the end 
surface located on the major diameter side of the tapered 
rollers brought in contact with the end surface on the 
tapered roller side may be coated with the diamond-like 
carbon . 

[00143] Moreover, both the end surface on the tapered 
roller side of the flange portion on the major diameter 
side of the tapered raceway surface of the inner ring and 
the end surface located on the major diameter side of the 
tapered rollers brought in contact with the end surface on 
the tapered roller side may be coated with the diamond-like 
carbon . 

[00144] Moreover, it is acceptable to suppress the 
seizure between the end surface of the flange portion 
located on the major diameter side of the inner ring and 
the surface located on the major diameter side of the 
tapered rollers by coating at least one of the end surface 
on the tapered roller side of the flange portion located on 
the major diameter side of the tapered raceway surface of 
the inner ring and the surface located on the major 
diameter side of the tapered rollers brought in contact 
with the end surface on the tapered roller side with a 
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carbide hard coating of Tie or the like, a nitride hard 
coating of CrN, TiN, TiAIN or the like, a carbonitride hard 
coating of TiCN or the like, an oxide hard coating of A1 2 0 3 
or the like or a hard coating of WC/C (tungsten carbide 
carbon) or the like, as other examples of the hard coating. 
It is noted that the hard coating is only required to serve 
as a coating on at least one of a sliding portion of the 
end surface located on the tapered roller side of the 
flange portion on the major diameter side of the tapered 
raceway surface of the inner ring and a sliding portion of 
the end surface located on the major diameter side of the 
tapered rollers. 

[00145] The present inventor investigated a torque 
reducing effect and an oil flow rate reducing effect when 
the inlet and the outlet of oil were shielded in the 
tapered roller bearing device for a pinion axle support of 
a differential. 

[00146] Fig. 11 is a view showing the structure of the 
differential used for the investigation. 

[00147] Fig. 11 shows a drive shaft 182, a tail side 
tapered roller bearing device 183 (hereinafter indicated as 
the tail side) , a head side tapered roller bearing device 
184 (hereinafter indicated as the head side) and a 
differential gear 185. 
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[00148] Figs. 12A through 12D are views showing the 
tapered roller bearing device used for the investigation. 
[00149] In detail, Fig. 12A is a view showing the tapered 
roller bearing device (corresponding to the tapered roller 
bearing device of the first embodiment) of Example 1 in 
which an oil inlet between the inner ring and the retainer 
is partially blocked with a shield plate made of steel. 
[00150] Fig. 12B is a view showing a tapered roller 
bearing device of a sixth embodiment (hereinafter referred 
to as Example 2) . In detail, the figure shows the tapered 
roller bearing device in which a shield plate made of steel 
that extends radially outwardly is provided at an end 
surface on an oil inflow side of a retainer and a space 
between the end portion of the retainer and an outer ring 
is roughly completely blocked on an oil inflow side. 
[00151] Fig. 12C is a view showing a tapered roller 
bearing device of Comparative Example 1 in which a space 
between an outer ring and an end portion of a retainer is 
roughly completely blocked with a shield plate made of 
steel on an oil outflow side. 

[00152] Fig. 12D is a view showing a tapered roller 
bearing device of Comparative Example 2 in which a space 
between an inner ring and an end portion of a retainer is 
blocked with a shield plate made of steel on an oil outflow 
side . 
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[00153] Fig. 12A shows an inner ring 120, an outer ring 
121, a shield plate 122, a tapered roller 123 and oil flow 
directions G, H, I and J. 

[00154] Fig. 13A is a graph showing relations between 
torque and rotational frequencies on the head side (head 
side bearing) of the four tapered roller bearing devices 
and the prior art tapered roller bearing provided with no 
shield plate, and Fig. 13B is a graph showing relations 
between torque and rotational frequencies on the tail side 

(tail side bearing) of the four tapered roller bearing 
devices and the prior art tapered roller bearing provided 
with no shield plate. 

[00155] Fig. 14A is a graph showing relations between oil 
flow rates and rotational frequencies on the head side of 
the four tapered roller bearing devices and the prior art 
tapered roller bearing provided with no shield plate, and 
Fig. 14B is a graph showing relations between oil flow 
rates and rotational frequencies on the tail side of the 
four tapered roller bearing devices and the prior art 
tapered roller bearing provided with no shield plate. 
[00156] In Figs. 13A, 13B, 14A and 14B, points indicated 
by the mark ■ represent measurement values of the tapered 
roller bearing device of Example 1 of Fig. 12A, points 
indicated by the mark ▲ represent measurement values of the 
tapered roller bearing device of Example 2 of Fig. 12B, 
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points indicated by the mark x represent measurement values 
of the tapered roller bearing device of Comparative Example 

1 of Fig. 12C, points indicated by the mark * represent 
measurement values of the tapered roller bearing device of 
Comparative Example 2 of Fig. 12D, and points indicated by 
the mark ♦ represent measurement values of the prior art 
tapered roller bearing. 

[00157] As shown in Figs. 13A and 13B, the tapered roller 
bearing device of Comparative Example 1 of which the 

measurement values are indicated by the mark x has a torque 
value remarkably increased roughly in proportion to the 
rotational frequency at both the head side and the tail 
side of the bearings. 

[00158] Moreover, the tapered roller bearing device of 
Example 2 of which the measurement values are indicated by 
the mark ▲, the prior art tapered roller bearing of which 
the measurement values are indicated by the mark ♦ and the 
tapered roller bearing device of Comparative Example 2 of 

which the measurement values are indicated by the mark * 
have torque values smaller than the torque value of the 
tapered roller bearing device of Comparative Example 1 of 
which the measurement values are indicated by the mark x 
although the torque values are increased as the rotational 
frequency increases. In detail, the tapered roller bearing 
device of Embodiment 2 of which the measurement values are 
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indicated by the mark A has a torque value smaller than 
that of the prior art tapered roller bearing of which the 
measurement values are indicated by the mark ♦ . Moreover, 
the prior art tapered roller bearing of which the 
measurement values are indicated by the mark ♦ has a 
torque value smaller than that of the tapered roller 
bearing device of Comparative Example 2 of which the 
measurement values are indicated by the mark *. As shown 
in Figs. 13A and 13B, the tapered roller bearing device of 
the two Comparative Examples in which the opening located 
on the oil outflow side is blocked has a large oil 
agitating resistance and a large torque. 

[00159] On the other hand, the tapered roller bearing 
device of Example 1 of which the measurement values are 
indicated by the mark ■ has the smallest torque value, and 
the torque value is roughly constant at a low value in the 
high rotational frequency region in which the torque 
reduction is required most. 

[00160] Moreover, as shown in Figs. 14A and 14B, the 
prior art tapered roller bearing of which the measurement 

values are indicated by the mark ♦ and the tapered roller 
bearing device of Example 2 of which the measurement values 
are indicated by the mark A exhibit roughly same tendencies 
in terms of variations in the oil flow rate, the greatest 
oil flow rate and increasing oil flow rates in accordance 
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with an increase in the rotational frequency at both the 
head side and the tail side of the bearings. 

[00161] Moreover, the tapered roller bearing device of 
Comparative Example 1 of which the measurement values are 
indicated by the mark x and the tapered roller bearing 
device of Comparative Example 2 of which the measurement 
values are indicated by the mark * exhibit an oil flow rate 
smaller than those in the prior art tapered roller bearing 
of which the measurement values are indicated by the mark 
♦ and the tapered roller bearing device of Example 2 of 
which the measurement values are indicated by the mark A 
although they exhibit roughly same tendencies in terms of 
variations in the oil flow rate and increasing oil flow 
rates in accordance with an increase in the rotational 
frequency . 

[00162] On the other hand, the tapered roller bearing 
device of Example 1 of which the measurement values are 
indicated by the mark ■ has an oil flow rate decreasing as 
the rotational frequency shifts from a low-frequency region 
to a high-frequency region and has an oil flow rate 
constant at a low value in the high-frequency rotation 
region. Therefore, in the tapered roller bearing device of 
Example 1 of which the measurement values are indicated by 
the mark ■, the oil agitating resistance can be minimized 
in the high-frequency rotation region. 
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[00163] For the above reasons, the tapered roller bearing 
device of Comparative Example 1 of which the measurement 
values are indicated by the mark x having the greatest 
torque value costs high in terms of the operational cost in 
the high-frequency rotation region, meaning that the 
bearing device is not suitable for high-speed operation. 
[00164] Moreover, the tapered roller bearing device of 
Example 2 of which the measurement values are indicated by 
the mark ▲ has a torque value smaller than that of the 
prior art tapered roller bearing of which the measurement 
values are indicated by the mark ♦, and the prior art 
tapered roller bearing of which the measurement values are 
indicated by the mark ♦ has a torque value smaller than 
that of the tapered roller bearing device of Comparative 
Example 2 of which the measurement values are indicated by 
the mark *. 

[00165] For the above reasons, the tapered roller bearing 
device of Example 2 of which the measurement values are 
indicated by the mark A, the prior art tapered roller 
bearing of which the measurement values are indicated by 
the mark ♦ and the tapered roller bearing device of 
Comparative Example 2 of which the measurement values are 
indicated by the mark *, which are also not best, are 
suitable for high-speed operation in the order of the 
tapered roller bearing device of Example 2 of which the 
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measurement values are indicated by the mark A, the prior 
art tapered roller bearing of which the measurement values 
are indicated by the mark ♦ and the tapered roller bearing 
device of Comparative Example 2 of which the measurement 
values are indicated by the mark *. 

[00166] On the other hand, the tapered roller bearing 
device of Example 1 of which the measurement values are 
indicated by the mark ■, in which the torque value does not 
increase however high the rotational frequency region is, 
is able to remarkably reduce the torque value in the high- 
speed region, remarkably reduce the operational cost in the 
high-speed operation and be best for high-speed operation. 
For the above reasons, it can be understood that the torque 
reducing effect of the tapered roller bearing device 

(tapered roller bearing device of the first embodiment) 
that has the following conditions (1) through (5) is 
remarkable. The conditions are: (1) the rolling elements 
are tapered rollers; (2) the inner ring is a rotating ring 
that has a tapered raceway surface, and the outer ring is a 
fixed ring that has a tapered raceway surface; (3) the 
inner ring has a flange portion brought in contact with the 
minor diameter end surfaces of the tapered rollers; (4) the 
shield plate having the protrusion that protrudes radially 
outwardly of the flange portion of the inner ring is 
provided; and (5) the retainer that retains the tapered 
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rollers is provided, and the protrusion is placed in a 
place having an interval from the retainer in the axial 
direction of the inner ring. 
[00167] (SEVENTH EMBODIMENT) 

[00168] Fig. 15 is an axial sectional view of a ball 
bearing device of a seventh embodiment of an oil lubricated 
rolling bearing device. 

[00169] The ball bearing device has an inner ring 151, an 
outer ring 152, balls 153 and a shield plate 155 made of 
steel as one example of an oil inflow suppression member. 
[00170] The plurality of balls 153 are arranged roughly 
at regular intervals in the circumferential direction in a 
state in which the balls are held between a raceway surface 
of the inner ring 151 and a raceway surface of outer ring 

152 by a retainer 157. 

[00171] An inner peripheral surface of the outer ring 152 
on an oil outflow side on the right-hand side of the ball 

153 in the sheet plane is a conical surface 159. The 
conical surface 159 is part of an oil outflow promotion 
structure and widens radially outwardly to promote the 
outflow of the oil that has entered the inside of the 
bearing . 

[00172] Moreover, an annular recess 154 is formed at an 
end portion of an inner surface of the outer ring 152 on 
the oil inflow side on the left-hand side in the sheet 
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plane. One end portion of the shield plate 155 is fixed to 
the annular recess 154. The shield plate 155 has a roughly 
hollow disk-like shape in the portion other than the one 
end portion and extends to a neighborhood of an outer 
peripheral surface of the inner ring 151 in the radial 
direction that is the direction in which the opening on the 
oil inflow side is blocked. The shield plate 155 shields 
the opening on the oil inflow side except for an oil 
passage 163 between an end portion located radially 
inwardly of the shield plate 155 and the outer peripheral 
surface of the inner ring 151. 

[00173] Moreover, a portion 158 located on the oil 
outflow side of the retainer 157 with respect to the ball 
153 extends roughly in the oil flow direction. The portion 
158 plays the role of rectifying the oil flow and serves as 
part of the oil outflow promotion structure. 

[00174] Moreover, the raceway surface of the inner ring 
151, the raceway surface of the outer ring 152 and the 
surfaces of the balls 153 are coated with the DLC hard 
coating, so that seizure does not occur even in a state in 
which very little oil is located among the raceway surface 
of the inner ring 151, the raceway surface of the outer 
ring 152 and the surfaces of the balls 153. 

[00175] Fig. 16 is a graph showing relations between 
rotational speeds and frictional torque of the ball bearing 
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device of the seventh embodiment and the prior art ball 
bearing in which no shield plate is provided on the oil 
inflow side when the gear oil of 50 degrees is used. 
[00176] In Fig. 16, the mark ■ represents measurement 
values of the ball bearing device of the seventh 
embodiment, and the mark • represents measurement values of 
the prior art ball bearing. 

[00177] As shown in Fig. 16, in the prior art ball 
bearing, the frictional torque is approximately 0.55 N-m 
when the rotational speed is 2000 r/min, and the frictional 
torque is approximately 0.64 N-m when the rotational speed 
is 3000 r/min. As described above, when the rotational 
frequency increases by 1000 r/min in the prior art ball 
bearing, the frictional torque, which has originally had a 
high value, is further largely increased, meaning that the 
bearing is not suitable for high-speed operation. 

[00178] On the other hand, in the ball bearing device of 
the seventh embodiment, the frictional torque has a low 
value of approximately 0.33 N-m when the rotational speed 
is 2000 r/min, and the frictional torque is suppressed to a 
low value of approximately 0.37 N-m even when the 
rotational speed is increased to 3000 r/min. As described 
above, even when the rotational frequency is increased by 
1000 r/min in the ball bearing device of the seventh 
embodiment, the frictional torque remains small, and an 
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increase in the frictional torque is a little, meaning that 
the bearing device is suitable for high-speed operation. 
[00179] According to the ball bearing device of the 
seventh embodiment, the shield plate 155 is the member that 
extends such that it blocks the opening on the oil inflow 
side, and therefore, oil other than the necessary minimum 
oil can reliably be prevented from entering the inside of 
the bearing from the opening. Moreover, the part 158 of 
the retainer 157 extending along the oil outflow direction 
on the oil outflow side, is the member that extends roughly 
in the oil flow direction. Therefore, the oil flow can be 
rectified, and the oil can be made to efficiently outflow. 
[00180] Moreover, according to the ball bearing device of 
the seventh embodiment, the inner surface of the outer ring 
152 located on the oil outflow side is the conical surface 
159 in the cross section. Therefore, the speed of the oil 
splashed to the conical surface 159 of the outer ring 152 
due to a centrifugal force during the operation of the ball 
bearing device can be increased in moving along the inner 
surface of the outer ring 152, and the oil can be made to 
efficiently outflow, allowing the degree of reduction in 
the torque of the ball bearing device itself to be 
increased. 
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[00181] For the above reasons, the torque can be 
remarkably reduced and the operational cost can remarkably 
be reduced in comparison with the prior art. 

[00182] Moreover, according to the ball bearing device of 
the seventh embodiment, the raceway surfaces of the inner 
ring 151 and the outer ring 152 and the surfaces of the 
balls 153 are coated with the DLC hard coating. Therefore, 
the torque can be reduced by reducing the friction force 
between the balls 153 and the raceway surfaces of the inner 
ring 151 and the outer ring 152, and the seizure between 
the balls 153 and the two raceway surfaces can reliably be 
prevented . 

[00183] Although the raceway surfaces of the inner ring 
151 and the outer ring 152 and the surfaces of the balls 
153 are coated with the DLC hard coating in the ball 
bearing device of the seventh embodiment, it is acceptable 
to coat only the raceway surfaces of the inner ring and the 
outer ring with the DLC hard coating or coat only the 
surfaces of the balls with the DLC hard coating. 
[00184] Moreover, although the DLC hard coating has been 
used as the hard coating in the ball bearing device of the 
seventh embodiment, it is, of course, acceptable to use a 
carbide hard coating of TiC or the like, a nitride hard 
coating of CrN, TiN, TiAIN or the like, a carbonitride hard 
coating of TiCN or the like, an oxide hard coating of AI2O3 
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or the like or a hard coating of WC/C or the like in place 
of the DLC hard coating. 
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